The Geostatistics provides effective tools for the solution of many problems of engineering in which the location in the space of the variable under study is considered, based on definitions of mathematics that provide the necessary foundation for its application. In particular, the Geostatistics are applied in the spatial estimation of the recoverable reserves of mineral deposits. The geostatistical methods that are used in the estimation of mineral deposits are implemented in industrial software and consider the evaluation of the complex geological structure, but these softwares only display the obtained results with an input data and do not exhibit the concepts that they use during the process or the methodology of its application. This happens particularly with the Kriging method, which is based on the assumption of strict stationarity, taking into account changes in the mean and local variations, therefore unreliable. In this study is established to review the Kriging method, its application in the estimation of the recoverable reserves of mining deposits and the relevance of the developed model established particularly in mines of Peru, which use this method as part of the mining exploration for the evaluation of the feasibility of exploitation.
Due to the need of developing methods and models that reveal the existence of possible mineral deposits, the Theory of Regionalized Variables or also called Geostatistics is created, with underlying models, deferred to develop an inference method that surpasses the compound computational limits in feasible alternatives [9] . The study of phenomena that characterize the earth sciences and that are motive of analysis requires the use of mathematical models and definitions that allow to axiomatize the reality of the phenomenon, estimate the statistical parameters that determine the spatial distribution and the dependence of the variables in the spatial locations where no measurements are presented [1] [10], such as the spatial prediction determined by the linear models that allow the contribution in the study through geostatistical parameters [11] . One of these phenomena is the presence of mineral deposits, which implies the applicability of conventional interpolation methods such as the inverse distance method and ordinary Kriging [21] , which has the virtue of considering the geometric anisotropy of mineral deposits tracing empirical variograms in different directions [6] [12] . Some spatial estimates determine the conditional probability of the mineral ore grades in mining blocks, being able to validate these disjunctive models and estimate the reserves of these deposits [5] . There are mineral deposits in many regions of the earth, whose resources have a holistic biased distribution and require the application of linear or non-linear estimation methods to be estimated [7] [13]; The presence of the Andes mountains range throughout the Peruvian national territory constitutes our main source of mineral resources and at the same time the main reason to study estimation methods, mainly those that are based on the Kriging method, as is the case of the Multi-Gaussian Kriging that indicates the presence of weak, medium and strongly mineralized zones through the use of fractal concentrationvolume models according to variances comparisons and the optimal values for the estimation of enriched mineralization [8] . Geological characteristics such as the spatial continuity of mineral ore grades are included in the assumption of conventional stationarity, including its practical application to estimate the recoverable local reserves of mineral deposits [14] . Referred to the development of geostatistics are related definitions and propositions of mathematics such as functional analysis and measurement theory, as well as descriptive statistics. These concepts are part of the foundation that allows making estimations of mineral ore grades in deposits applying different methodologies.
The coefficients λ_i are the weights that are calculated following a proceeding that depends on the applied estimation method. The considered information is constituted by a discrete set of n elements x_i in a neighborhood of x, of which its value of the function Z is known, denoted as [15] , [10] .
There are traditional estimation methods that follow the formulation of the presented linear combination and that differ in the way of assigning a weight to each sample, such as the inverse distance method and the minimum curvature method [7] , [1] . These methods do not have a mathematical basis for the assignment of weights λ_i and do not consider the structure of the phenomenon under study; such is the case of the inverse distance method that calculates the mineral ore grade using as a weight the inverse of the distance between the sample and the point where it is going to interpolate. On the other hand, the Kriging method does have a solid mathematical foundation, and also considers the structural aspect of the phenomenon under study.
Matheron's Kriging Method
The empirical works applying the descriptive statistics to characterize the variance of the mineral ore grades are formalized with the Theory of Regionalized Variables that originated the development of geostatistics [20] . The Kriging is the main tool of geostatistics for the estimation of mineral ore grades and consists on an optimal spatial regression technique that requires a spatial statistical model called a variogram [12] .
One of the conditions of optimizations consists on obtaining the best unbiased linear estimating of a variable at a point x considering the available information, i.e. samples in a neighborhood of the point x. This estimating of the true value of the regionalized variable is made using a linear weighted combination of the mineral ore grades in the samples [11] :
The main characteristic of this method consists in that it determines the weights λ i so that the variance of estimation is minimized [10] .
Where:
• The coefficients λ_i are the weights.
• Z(x i ) is the value of the variable in each of the samples x i .
• Z V (x) is the true unknown value of the variable in the point x.
It should be noted that Z * is also a random variable for being a sum of random variables. The estimation error R(x) is defined as the difference between the estimated value Z^* (x) and the true value Z V (x) of the mineral ore grade in the not sampled point x.
R(x) is also clearly a random variable, for which we say that the error committed when we estimate the unknown value of the variable in the point xϵR n is the result of the random variable R(x).
We can ensure that the estimation is unbiased by making that the mathematical expectation of the difference between the estimated value and the true value is zero, i.e.
From which it follows that
The geostatistics make use of working hypotheses to apply the modeling by means of random functions and achieve a more efficient geostatistical analysis. One of these hypotheses is to assume that a random function is homogeneous if the mean is constant, or in other words, Z(x) admits a mathematical expectation m independent of the point xϵR n [10] [16] .
Applying these hypotheses in the equation (3) we have:
This last equality determines the unbiased condition of the estimating by the Kriging method [12] . Minimizing the estimation variance σ_E^2 of equation (1) by the Lagrange method and using the unbiased condition, we obtain Matheron's Kriging system, which in terms of the variogram function is given by:
Where μ is the Lagrange parameter resulting from the minimization of the estimation variance and γ denotes the semivariogram function applied to the distance h between the samples x i and x j [10].
With this system of n + 1 equations, the weights λ i are calculated so that the estimation variance is minimum and the estimator is unbiased. In addition, because it contains the variogram function in its formulation, the Kriging system also considers the structural aspect of the phenomenon under study [12] [19] . The coefficients λ i resulting from the Kriging system are the weights in the calculation of the mineral ore grade estimated at point x:
The variance of estimation by the Kriging Method of the mineral ore grade at the point x can be calculated by using the following formula:
Summarizing, based on a set of samples whose mineral ore grades are realizations of a random function with location in the space R 3 , in other words regionalized variables, a structural analysis is made using the variogram function, to then make an estimate in the points where it has not been sampled using the Kriging method of Matheron.
Calculation by the Kriging Method in 3D
In the following practical case, we want to estimate the mineral ore grade of Zinc in the center x 0 of a given block [3] Mineral Ore Grades The ellipsoid of influences is established, which determines that the samples x 1 , x 2 and x 3 intervene in the calculation of the mineral ore grade at point x 0 . Considering that the experimental variogram that represents the variable under study follows a spherical or Matheron model and a linear model [21] , the combination results in the model:
Range of a=70, the nugget is c_0=0.2 and the sill is C=1, with which the contribution is c_1=C-c_0=0.8. Calculating the distances: d(x_1,x_2 )=18.03 m, d(x_1,x_3 )=25 m, d(x_2,x_3 )=22.36 m. We evaluate the distances in the theoretical model of the variogram function:
In addition, we have that: γ 11 =γ 22 =γ 33 =γ(0)=0. The resulting values of the application of the variogram function intervene as weights in the Kriging system: Where the result is λ 1 =0.31,λ 2 =0.45,λ 3 =0.24,μ=0.08, and thus the mineral ore grade in the point x_0 is established:
Then the estimated value of the variable Zinc in the center of block is 4.54%, and the variance of Kriging corresponds: Therefore, the Zinc mineral ore grade in the center of the block is 4.54%, and the variance of the estimation by the Kriging method is 0.51.
Resolution of the Estimation
The process of estimating the recoverable reserves of a mining deposit by the ordinary Kriging method begins with the collection of the data from the samples taken with drills or by galleries. This set of data that contains the mineral ore grades in the samples is often made up of three files called Header, Survey and, Assay. Therefore, the compositing process is carried out, which consists of uniformizing the size of the samples in order to ensure that they all have the same geometrical support. Then a variographic analysis is carried out, which consists of constructing variograms following several directions to analyze the structure of the phenomenon under study from the file of composited samples; It should be noted that the variogram constitutes one of the main contributions of geostatistics because it allows accounting for the structural aspect of the studied phenomenon which is not contemplated by descriptive statistics [12] . This aspect is particularly important in Peru due to the great variety of geological structures existing along the Andes mountain range. These experimental variograms are adjusted to theoretical models of variograms, to obtain characteristic parameters of the deposit and to establish the ellipsoid of influences, which determines which samples intervene for the calculation of the mineral ore grade in each block of estimation by the Kriging method of Matheron.
Fig. 2: Flow diagram of the estimation by the Kriging method

DISCUSSION
It was shown that the ordinary Kriging method has a stronger theoretical foundation than conventional nongeostatistical estimation methods. This basis is given by the characteristics of minimization of the variance of estimation, the condition of unbiased, and by the use of the variogram function applied to the samples, which guarantees that the Kriging method considers the structure of the spatial correlation of the mineral ore grades in the samples [7] [9] . All these properties enrich the Kriging method and make it suitable for its application in the estimation of mining resources, particularly in the mines of Peru, in which mining the companies make use of industrial software that has implemented advanced geostatistical estimation methods that use the method of Kriging in its algorithm using approximations of nonparametric and non-linear methods [19] [20] .
CONCLUSIONS
From the review carried out, it is concluded that the Kriging method turns out to be a method of unbiased linear estimation that minimizes the variance of estimation and that is based on the definitions of regionalized variable and the variogram function, for which it also considers the structure of the phenomenon under study. In addition, the qualities of this method make it suitable for the estimation of mining resources, particularly in Peruvian mines, in which advanced geostatistical methods based on the Kriging method are used to estimate and assess exploitation feasibility.
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